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Saving  White  Pines  by  Removing  Blister 
Rust  Cankers 

By  J.  F.  MARTIN,  consultant,  Forest  Service,  and  G.  FLIPPO  GRAVATT,  pathologist 
Horticultural  Crops  Branch,  Agricultural  Research  Service 

White  pines  may  be  seriously  injured  or  killed  by  white  pine  blister 
rust.  Most  of  the  white  pine  forest  areas  are  affected  by  this  disease, 
which  can  cause  heavy  losses  if  it  is  uncontrolled.  Blister  rust  is 
caused  by  a  parasitic  fungus  that  requires  ribes  (currant  and  goose- 
berry) bushes  to  complete  its  life  cycle.  It  can  be  controlled  by  the 
removal  of  ribes  growing  within  infecting  distance  of  white  pines. 
Removing  the  source  of  pine-infecting  spores  protects  trees  from 
infection,  but  does  not  cure  those  already  diseased.  Such  trees,  if 
not  too  badly  injured,  can  be  saved  by  cutting  out  the  diseased  parts. 
This  treatment  is  used  on  infected  ornamental  pines  and  sometimes  on 
infected  plantations  and  native  growth  of  high  value.  The  extent 
to  which  it  may  be  economically  practicable  depends  upon  the  forest 
or  esthetic  value  of  the  trees. 

FOREST  AND  ESTHETIC  VALUE  OF  WHITE  PINES 

Among  our  many  forest  and  ornamental  trees  the  white  pines  rank 
near  the  top  in  economic  and  esthetic  importance.  In  the  United 
States  these  trees  are  the  eastern  white  pine,  western  white  pine, 
sugar  pine,  limber  pine,  whitebark  pine,  bristlecone  pine,  foxtail  pine, 
and  Alexican  white  pine.  One  or  more  of  them  are  found  in  most 
States.  The  white  pines  as  a  group  are  distinguished  from  other 
trees  by  their  needles,  which  are  arranged  in  clusters  of  five. 

Eastern  and  western  white  pines  and  sugar  pines  are  important, 
rapid-growing  timber  species.  The  wood  is  prized  for  manufacturing 
purposes  and  brings  high  prices.  In  some  logging  and  milling  com- 
munities employment  and  the  welfare  of  the  local  people  depend 
upon  the  maintenance  of  these  trees  in  the  forest.  Their  loss  is 
serious  because  they  are  ususally  replaced  by  inferior  and  less  valuable 
species.  White  pines  do  well  under  a  wide  range  of  forest  conditions, 
and  should  be  of  increasing  importance  in  the  practice  of  forestry. 

In  some  regions  the  esthetic  values  of  white  pine  probably  exceed 
the  timber  values.  Thousands  of  these  trees,  growing  in  parks,  along 
roadsides,  and  around  homes,  beautify  the  landscape  and  increase 
property  values.  Some  are  used  for  windbreaks.  Others  are  planted 
as  shade  or  ornamental  trees.  Numerous  stands  are  utilized  for 
picnic  groves  and  camp  sites.  In  our  parks  they  are  an  important 
scenic  asset. 

DISTRIBUTION  OF  BLISTER  RUST 

Blister  rust  is  now  present  in  most  of  our  white  pine  forests  (fig.  1). 
Where  the  disease  is  outside  the  natural  range  of  white  pines,  it  has 
been  found  on  ribes  or  on  planted  trees.  It  is  advancing  slowly  and 
will  probably  reach  the  remaining  uninfected  areas  in  California  and 
in  the  central  Rocky  Mountain  region,  where  such  high-altitude 
species  as  limber,  whitebark,  and  bristlecone  pines  are  found. 
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LIFE  CYCLE  OF  THE  FUNGUS 

The  blister  rust  fungus,  Cronartium  ribicola,  must  grow  alternately 
on  white  pines  and  ribes  in  order  to  complete  its  life  cycle.  It  repro- 
duces and  spreads  by  means  of  windborne  spores.  The  fungus 
enters  the  needles  of  white  pine  and  grows  into  the  bark,  where  it 
forms  diseased  areas  called  cankers  (fig.  2).  It  takes  from  2  to  4 
years  for  the  cankers  to  reach  the  spore-production  stage.  From 
April  to  June  orange-yellow  blisters  push  through  the  diseased  bark 
and  release  their  powderlike  aeciospores  (fig.  3).  These  spores  cannot 
infect  other  pine  trees.  They  are  spread  over  large  areas  by  the  wind 
and  infect  the  leaves  of  ribes.  In  about  2  weeks  orange-yellow 
pustules  appear  on  the  under  surface  of  the  diseased  leaves.  These 
pustules  burst,  releasing  urediospores,  which  spread  the  disease  to 
leaves  on  the  same  and  nearby  ribes  bushes.  This  stage  is  followed 
during  the  summer  and  fall  by  the  appearance  of  brownish,  hairlike 
columns  of  teliospores  on  the  under  surface  of  the  diseased  ribes 
leaves  (fig.  4).  These  spores  germinate  and  produce  the  sporidia 
that  infect  the  pines,  thus  completing  the  life  cycle  of  the  fungus. 

The  sporidia  are  very  fragile.  They  usually  infect  pines  within  a 
few  hundred  feet  of  diseased  ribes,  but  occasionally  pines  a  mile  or 
more  away  are  infected.  However,  ribes  bushes  are  usually  present 
in  areas  where  white  pines  grow,  and  as  each  bush  is  a  possible  source 
of  sporidia,  the  fungus  is  able  to  cause  widespread  pine  infection  when 
cool,  moist  weather  prevails. 


I  A 


Figure  2. — Young  canker,  showing  swollen,  spindle-shaped  bark.     The   fungus   enfered 
through  the  cluster  of  needles  near  the  center  of  the  canker. 


CIRCULAR    9  4  8,    U.    S.    DEPT.    OF    AGRICULTURE 


Fisure  3. — Diseased  white  pine  jarred  with  shovel  to  show  release  of  aeciospores. 

DAMAGE  TO  WHITE  PINES 

Blister  rust  attacks  well-developed,  dominant  trees  more  vigorously 
than  suppressed,  slow-growing  ones.  In  spreading  from  ribes  to 
pines  each  year,  it  causes  an  accumulation  of  cankers,  which  kill  the 
trees  b}^  girdling  the  branches  and  trunks  (fig.  5).  Cankers  on  the 
trunk  retard  the  growth  of  the  tree  and  often  result  in  broken  tops. 
Diseased  trees  in  pine  stands  may  not  be  discovered  for  a  number  of 
years.  The  rust  usually  is  first  observed  when  branches  die  or  trees 
are  killed. 

The  time  between  needle  infection  and  the  death  of  a  tree  varies 
from  a  few  years  for  young  pines  to  20  or  more  for  older  trees  In- 
fected trees  can  therefore  be  saved  or  salvaged  when  found  before  the 
disease  reaches  an  advanced  stage,  ^'^lien  ribes  bushes  are  very 
abundant,  nearly  aU  the  twigs  and  branches  of  nearby  pine  may  become 
infected  in  a  short  time.  ^Aliite  pine  stands,  forest  plantings,  and 
ornamental  trees  have  been  severely  damaged  when  ribes  bushes 
were  not  removed  soon  enough  to  prevent  repeated  pine  infection. 
The  killing  of  young  trees  in  forest  areas  depletes  the  stands,  leaving 
openings  for  the  entry  of  less  desirable  species,  and  often  preventing 
natural  restocking  with  white  pines.  The  destruction  of  merchantable 
trees  continues  slowly  without  attracting  much  attention.  Although 
losses  occur  as  single  trees  or  small  groups  or  stands  scattered  through- 
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Figure  4. — Lower   surface   of  ribes    leaf   showing    hairlike   teliospore   columns.     These 
columns  produce  the  sporidia  that  infect  white  pine  needles. 

out  forest  areas,  the  total  is  much  greater  than  most  owners  reahze. 
Infection  in  ornamental  pines  is  more  likely  to  be  noticed  because 
the  trees  are  continually  under  observation.  Limbs  killed  by  blister 
rust  often  make  the  trees  unsightly  many  years  before  they  die. 
(fig.  6). 

HOW  TO  RECOGNIZE  CANKERS 

Saving  infected  trees  depends  primarily  on  finding  and  removing 
all  cankers.  One  must  therefore  be  able  to  recognize  the  cankers 
in  different  stages  of  maturity. 


Immature  cankers 

During  the  development  of  blister  rust  cankers,  from  the  time 
the  needles  are  infected  until  the  first  blisters  appear,  several  symptoms 
of  the  disease  can  be  identified.     The  first  recognizable  bark  symptom 
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Figure  5. — Upper  half  of  ornamental  white  pine  on  right  is  dying  from  a  stem  canker. 
White  pitch  streaks  show  location  of  canker.  Courtesy  of  New  York  Conservation 
Commission. 
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Figure  6. — White  pine  along  the  highway  with  so  many  dead  and  dying  branches  that 

it  is  not  worth  treating. 

is  an  orange-yellow  spot,  about  ji  inch  in  diameter,  around  the  base 
of  diseased  needle  clusters.  It  requires  so  much  time  to  find  these 
discolored  spots  that  they  are  of  little  practical  use  in  locating  cankers. 
As  the  fungus  grows  in  the  bark,  the  cankers  increase  in  size. 
Normally  they  appear  as  spindle-shaped  swellings  on  branches  and 
young  stems,  but  sometimes  there  is  only  a  slight  thickening  of  the 
diseased  bark.  The  edge  of  the  canker  is  outlined  by  a  narrow 
yellomsh  rim  of  discolored  bark    (fig.   7,  a).     Inside  this  rim  the 
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Figure  7. — A  fruiting  canker  as  it  appears  in  the  spring:  (a)  Discolored,  yellowish  bark 
or  growing  margin  of  canker;  (b)  dark  reddish-brown  to  black  pycnial  scars;  (c)  orange- 
yellow  blisters;  (d)  rough,  cracked  bark  of  previous  fruiting  area. 

diseased  bark  may  be  a  light  green  or  bronze  color.  During  the  sum- 
mer and  fall  a  yellowish  fluid  appears  as  small  drops  on  the  diseased 
bark  just  back  of  the  yellow  margin.  After  this  fluid  disappears 
dark  reddish-brown  to  black  spots  appear.  These  are  the  pycnial 
scars  (fig.  7,  b),  and  they  positively  indicate  blister  rust  infection. 
When  cankers  reach  this  stage  of  development,  they  are  nearly  mature 
and  are  easily  found. 

Mature  cankers 

Cankers  reach  maturity  when  the  blisters  push  through  the  pycnial 
area  in  the  spring  (fig.  7,  c).  Each  blister,  or  sac,  consists  of  a  thin 
white  membrane  enclosing  a  powdery  mass  of  orange-colored  aecio- 
spores,  which  give  the  blister  a  distinctive  orange-yellow  appearance. 
The  membrane  bursts,  and  the  exposed  aeciospores  are  blown  awa}^ 
by  the  wind.     The  small  holes  or  pits  left  in  the  bark  have  ragged 
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edges  to  which  particles  of  the  torn  white  membrane  chng  for  a  short 
time.  Where  the  bhsters  emerge,  the  bark  dies  and  becomes  rough 
and  cracked  (fig.  7,  d).  Mature  cankers  can  be  readily  identified 
by  these  characteristics. 

Blisters  may  appear  each  spring  until  the  cankers  no  longer  develop. 
The  fungus  continues  to  grow  into  the  healthy  bark  both  laterally 
and  at  each  end  of  the  cankers,  gradually  increasing  the  area  of 
diseased  bark.  It  grows  more  rapidly  in  large  than  in  small  branches 
and  works  from  the  twigs  into  the  larger  branches  and  trunk,  killing 
the  affected  parts.  Sometimes  old  cankers  appear  as  sunken  or 
constricted   areas,    especially   when  located   on   the   trunk    (fig.    8). 

After  a  canker  has  girdled  a  branch  or  stem,  the  green  needles 
above  the  diseased  area  turn  yellow  and  die.  Then  they  become 
dark  brown  or  reddish  and  later  drop.  Dead  and  dying  branches 
are  called  flags  and  may  indicate  blister  rust  infection.  The  presence 
of  cankers  distinguishes  these  branches  from  flags  caused  by  other 
injuries.     The  death  of  a  branch  or  stem  beyond  and  above  the  point 


Figure  8. — Old  constricfcd  trunk  canker.     Strong  winds  may  snap  off  the  top  of  the  tree 
at  the  point  of  girdling.     Courtesy  of  New  York  Conservation  Commission. 
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at  which  it  has  been  girdled  does  not  stop  the  downward  growth 
of  the  fungus  as  long  as  the  branch  or  stem  below  the  canker  remains 
alive.  If  the  entire  branch  dies  before  the  stem  is  reached,  the 
fungus  also  dies.  Many  branch  cankers  are  thus  stopped  before 
they  reach  the  trunk.  Others  continue  to  develop  for  many  years 
and  may  extend  along  the  branch  or  stem  for  several  feet.  Infected 
trees  may  have  several  cankers  varying  in  age  and  development. 


VARIATION  IN  CANKERS 

The  appearance  of  cankers,  particularly  old  cankers,  is  often  altered 
by  the  attacks  of  secondary  fungi,  insects,  and  rodents,  or  from  pitch 
exudation.  Frequently  old  stem  cankers  are  obscured  by  pitch,  which 
runs  down  the  trunk  in  streaks  and,  on  drying,  forms  a  hard  white 
layer  covering  part  of  the  diseased  bark  (fig.  9,  A).  Cankers  may  be 
located  by  these  pitch  streaks.  However,  the  streaks  can  be  misleading 
unless  they  are  associated  with  other  blister  rust  symptoms,  because 
other  injuries  cause  similar  streaks. 

Insects  may  bore  into  the  bark  and  wood  of  infected  trees,  hastening 
their  death.  Some  attack  cankers  as  shown  by  small  accumulations  of 
frass  on  the  diseased  bark  (fig.  9,  B).  Inexperienced  observers  may 
think  the  injury  is  due  to  insects,  when  in  reality  the  primary  cause  is 
blister  rust  infection. 

Conspicuous  patches  of  bare  wood  in  cankered  areas  indicate  the 
work  of  squirrels,  chipmunks,  mice,  or  other  rodents  (fig.  9,  C). 
Wlien  food  is  scarce,  they  often  gnaw  the  diseased  bark,  but  enough 
of  it  usually  remains  for  canker  identification.  Although  rodent 
feeding  reduces  the  volume  of  aeciospores,  it  does  not  stop  development 
of  the  cankers.  Similar  but  much  larger  areas  of  bare  wood  indicate 
porcupine  feeding,  particularly  in  forest  areas.  Such  damage  may  be 
recognized  by  the  absence  of  blister  rust  symptoms. 

Blister  rust  cankers  are  sometimes  attacked  by  secondary  fungi  that 
follow  the  advancing  margin  so  closely  as  to  prevent  the  production 
of  blisters  (fig.  9,  D).  The  infected  bark  is  smooth,  hard,  and  brown, 
and  sometimes  shows  black,  orange-yellow,  or  lilac-colored  pustules 
on  its  surface.  If  only  a  part  of  the  canker  is  affected  by  the  secondary 
fungi,  the  remaining  portion  can  be  identified  by  some  of  the  blister 
rust  symptoms  previously  described. 

^^      Typical  Symptoms  for  Identifying  Blister  Rust  Cankers 


Symptoms 

Young  cankers 

Old  cankers 

General  shape 

Distinct     spindle-shaped 

The    general    outline    of 

swellings  of  bark  on  twigs, 

trunk  cankers  is  spindle- 

branches,       and       small 

shaped,    the       diseased 

stems.    Sometimes  absent 

bark    is    thicker    than 

_  , 

or  only  slightly  evident. 

normal,  and  cankers  are 
sometimes     constricted. 

Py cnial  scars 

Irregularly    shaped    spots, 

Same  as   for  young   can- 

dark   reddish    brown    to 

kers. 

nearly  black,  and  about 

Ys  inch  in  diameter. 
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Typical  Symptoms  for  Identifying  Blister  Rust  Cankers — Continued 


Symptoms 

Young  cankers 

Old  cankers 

Margin  of  cankers 

Narrow  yellowish  band  of 
bark,  sometimes  very  in- 
distinct.   Inside  this  band 
the  bark  is  light  green  or 
bronze. 

Same  as  for  young  cankers. 

Orange-yellow  blisters. 

White  membrane  enclosing 
mass     of     orange-yellow 
aeciospores.     Blisters  ap- 
pear from  April  to  June. 

Do. 

Pits  left  by  blistc:s___ 

Small  pits  in  the  bark  with 
ragged  edges.     Pieces  of 
white  membrane  remain 
attached  to  the  edges  for 
a  short  time  after  aecio- 
spores disperse. 

Do. 

Cracked  bark 

Irregular    cracks    in    area 

Area     of     cracked     bark 

where  blisters  were  pro- 

greatly    enlarged     and 

duced. 

sometimes  sunken  or 
constricted. 

Flags 

Dead  or  dying  branches  or 

Same   as   for   young   can- 

tops with  yellowish,  red- 

kers. 

dish,  or  dark-brown  nee- 

dles.    The  needles  drop 

leaving        bare,        dead 

branches. 

Insect  injury 

Usually  none 

Frass  mixed  with  pitch  on 
surface     of     cankers. 

Rodent  injury 

Patches  of  bare  wood  where 

Same  as   for   young   can- 

bark was  gnawed. 

kers. 

Pitch  exudation 

Usually  none 

Trunk  cankers  with  white 
pitch  streaks  that  often 
extend  below  the  can- 
ker. 

Secondary  fungi 

Canker  has  sunken  or  con- 

Same as   for   young   can- 

stricted appearance.  The 

kers.       Bark     may     be 

bark   is   all   or   partially 

swollen  just  above  stem 

dead,       smooth,       hard, 

cankers,       emphasizing 

brown,     and    often    has 

constricted  appearance. 

small,    black    spore   pus- 

tules on  the  surface. 

Some  of  these  symptoms  may  be  lacking  and  others  so  obscure  as  to 
be  of  no  value  in  identifying  a  particular  canker.  All  the  symptoms 
should  be  kept  in  mind  and  reliance  placed  upon  some  combination  of 
those  found.  Usually  enough  different  symptoms  are  visible  to 
permit  positive  identification.  Field  experience  will  soon  enable 
workmen  to  recognize  most  branch  and  stem  cankers  quickly. 

WHEN  CANKER  REMOVAL  IS  JUSTIFIED 

Canker  removal  is  justified  only  when  esthetic  or  forest  values 
exceed  the  cost.  The  cost  has  ranged  from  a  few  cents  for  small 
trees  to  several  dollars  for  mature  trees. 

Removal  of  cankers  to  save  infected  ornamental  white  pines  around 
homes,  in  parks,  along  roadsides,  and  in  recreational  areas  is  desirable. 
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Figure  9. — A,  Trunk  canker  partly  obscured  by  pitch.  6,  Canker  showing  piles  of  frass 
on  surface  from  insect  attack.  C,  Bare  patches  of  wood  where  rodents  have  eaten 
away  part  of  the  diseased  bark.  D,  Canker  attacked  by  secondary  fungi/  note  re- 
suiting  area  of  smooth,  dead  bark  in  the  central  portion  of  the  canker. 


but  a  question  will  often  arise  as  to  whether  a  particular  tree  is  worth 
treating.  This  the  owner  must  decide,  since  it  depends  upon  the 
value  of  the  tree  to  him  and  the  severity  of  the  injury.  It  usually 
costs  less  to  remove  cankers  from  ornamental  pines  than  to  replace 
the  trees. 
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Canker  removal  from  forest  trees  will  depend  upon  their  number, 
location,  and  size,  the  degree  of  stocking,  and  the  future  value  of  the 
stand.  No  attempt  should  be  made  to  remove  stem  cankers.  This 
is  too  difficult  and  costly  for  forest  trees.  On  the  larger  trees  the 
removal  of  branch  cankers  is  often  not  practicable,  but  advantage  can 
be  taken  of  normal  pruning  and  thinning  operations  to  remove  cankers. 

HOW  TO  REMOVE  CANKERS 

A  large  amount  of  canker-removal  work  has  been  done  on  diseased 
pines  ranging  from  young  trees  in  plantations  to  mature  ornamental 
pines  around  homes  and  in  public  parks.  The  results  have  been 
generally  satisfactory.  Success  depends  on  the  ability  of  workmen 
to  recognize  the  cankers,  and  the  care  and  thoroughness  with  which 
the  cankers  are  removed.  In  the  Eastern  States  cankers  can  be 
removed  at  any  time  of  the  year.  Many  of  them  are  found  more 
easily  in  April  and  May,  when  the  or ange-ye allow  blisters  appear. 
The  yellowish  margins  of  the  cankers  may  be  obscured  and  portions 
of  them  difficult  to  find.  Wetting  the  diseased  bark  with  water  and 
cleaning  with  a  damp  cloth  or  brush  will  make  the  margin  stand  out 
more  clearly. 

There  is  a  tendency  to  cut  off  branches  too  close  to  the  cankers, 
especially  when  they  are  near  the  point  where  the  infected  branches 
join  other  branches  or  the  trunk,  and  when  the  removal  of  larger 
branches  might  lessen  the  beauty  of  the  trees.  Haphazard  cutting 
gives  poor  results  and  leaves  unsightly  stubs. 

When  large  limbs  are  removed,  care  should  be  taken  to  prevent 
stripping  off  the  bark  below  the  cut.  This  is  avoided  by  a  double- 
cutting  method.  A  preliminary  cut  is  made  a  short  distance  into 
the  limb  on  the  under  side,  and  then  the  limb  is  sawed  through  from 
above.  The  limb  is  first  sawed  off  about  a  foot  beyond  the  point 
where  the  final  cut  will  be  made.^  The  remaining  stub  is  then  removed 
in  the  same  manner,  but  flush  with  the  adjacent  limb  or  trunk,  and 
the  edges  of  the  wound  are  smoothed  with  a  sharp  knife.  This  pro- 
cedure is  always  advisable  for  limbs  over  3  inches  in  diameter. 
Smaller  limbs  can  be  removed  in  a  single  operation  by  sawing  part  way 
through  on  the  under  side  flush  with  the  trunk  and  then  sawing  through 
from  above.  Limbs  ji  inch  in  diameter  or  less  can  be  cut  off  with 
pruning  shears. 

Infected  branches 

As  the  blister  rust  fungus  infects  pines  through  the  needles,  young 
cankers  are  more  numerous  on  twigs  and  small  branches  than  on  the 
trunks.  No  time  should  be  spent  in  searching  for  branch  cankers 
that  are  undeveloped  and  difficult  to  find.  Infected  branches  on 
eastern  white  pine  should  be  cut  off  at  least  4  inches  back  of  the  yellow- 
ish edge  of  the  canker,  because  the  fungus  extends  a  short  distance 
beyond  the  discolored  edge  (fig.  10),  and  any  of  the  fungus  that  is 
left  continues  to  grow  in  the  live  bark.  On  western  white  and  sugar 
pine  this  distance  should  be  increased  to  6  or  8  inches.     Infected 

^  For  details  of  general  tree  surgery,  see  Farmers'  Bulletin  1896,  Care  of  Dam- 
aged Shade  Trees. 
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Figure  10. — Branch  canker  on  a  young  pine  tree:  a  and  b  indicate  the  yeliowish  edge  of 
the  canker/  c,  the  point  where  the  branch  should  be  cut  off  to  prevent  the  disease  from 
reaching  the  trunk.     Courtesy  of  New  York  Conservation  Commission. 

branches  should  be  cut  off  flush  with  the  next  healthy  branch.  Cutting 
in  this  manner  avoids  leaving  stubs  and  reduces  the  liability  of  attack 
by  other  fungi  and  insects. 

If  the  canker  edge  is  less  than  4  inches  from  the  next  branch,  both 
the   infected   and  joining   branches   are   cut  off   to   assure   complete 
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elimination  of  the  diseased  area.  Cankers  on  small  twigs  and  branches 
near  the  end  of  large  limbs  are  hard  to  find  and  reach.  In  such  cases 
the  cut  is  made  1  to  2  feet  back  of  the  canker.  Whenever  possible, 
this  is  a  good  practice  to  follow  in  removing  infected  branches. 

If  the  edge  of  a  branch  canker  is  less  than  4  inches  from  the  trunk, 
the  limb  is  cut  off  flush  with  the  trunk  and  the  bark  on  the  trunk 
removed  for  4  inches  around  the  base  of  the  limb.  If  the  canker  has 
reached  the  trunk  (fig.  11),  the  treatment  described  for  trunk  cankers 
should  be  followed. 

It  is  not  advisable  to  try  to  save  large  limbs  by  cutting  out  the 
diseased  bark,  except  perhaps  where  they  are  essential  to  the  life  or 
beauty  of  valuable  ornamental  pines.  Sometimes  such  treatment 
will  save  the  limb  or  delay  the  disease  enough  to  extend  the  life  of 
the  branch  for  a  few  years.  Its  application  is  governed  by  the  loca- 
tion of  the  canker  in  relation  to  the  trunk,  the  extent  to  which  the 
limb  is  girdled,  and  the  value  of  the  limb  to  the  tree.  When  it  is 
apparent  that  a  large  limb,  even  if  treated,  has  little  chance  of  sur- 
vival, it  is  better  to  cut  it  off  flush  with  the  next  larger  limb  or  with 
the  trunk. 

InFected  trunks 

The  trunk  is  the  most  important  part  of  the  tree  and  the  most 
difficult  to  treat.  Cankers  gradually  encircle  it  and  eventually  kill 
the  tree.     The  larger  the  trunk,  the  longer  it  takes  the  fungus  to 


>44 


Fisure  1 1 . — Blister  rust  canker  (c)  has  entered  the  trunk.  The  dotted  line  (b)  indicates 
the  margin  of  the  canker  on  the  trunk.  The  infected  limb  with  all  diseased  and  healthy 
bark  inside  the  solid  line  (a)  must  be  removed. 
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complete  the  girdling.  Stem  cankers  are  spindle-shaped,  being  wide 
in  the  center  and  tapering  toward  the  ends.  They  extend  vertically 
along  the  trunks  and  become  slightly  spiral  as  they  increase  in  size. 

The  mycelium  of  the  fungus  is  known  to  penetrate  the  wood  for 
a  short  distance  beneath  the  diseased  bark.  The  penetration  is 
greatest  near  the  center  of  the  canker.  At  the  edge  of  the  canker 
there  is  practically  no  penetration.  The  fungus  apparently  does  not 
spread  from  the  infected  wood  to  the  healthy  bark,  and  treatment 
probably  results  in  the  ultimate  death  of  the  mycelium  in  the  wood. 

The  infected  bark  can  be  removed  at  any  time,  but  it  comes  off 
most  easily  during  the  growing  season.  Sometimes  the  margin  of  a 
canker  is  partly  hidden  by  a  hard  layer  of  pitch.  In  such  cases  work- 
men may  be  able  to  determine  its  approximate  location  from  the 
shape  and  size  of  the  canker  and  the  portion  of  the  margin  that  is 
visible.  This  is  not  always  practicable  when  the  lower  half  of  the 
canker  is  covered  by  pitch,  when  the  discolored  margin  is  indistinct, 
or  when  the  canker  is  located  in  the  thick  rough  bark  of  an  old  tree 
(fig.  12).  Under  these  conditions  no  attempt  should  be  made  to 
remove  the  canker. 


Figure  12. — Trunk  canker  in  thick  rough  bark.      Note  sunken  area  and  lack  of  a  recog- 
nizable canker  edge.     Its  removal  should  not  be  attempted. 
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Before  work  is  begun,  the  canker  margin  should  be  cleansed  with 
soap  and  water  to  remove  the  surface  dirt  and  bring  out  the  yellow 
color  more  sharph^  After  the  edge  of  the  canker  is  located,  allow- 
ance should  be  made  for  a  safety  zone  from  1%  to  2  inches  on  each 
side  and  from  3  to  4  inches  at  top  and  bottom  on  eastern  white  pines. 
These  distances  should  be  increased  1  or  2  inches  laterally  and  3  or  4 
inches  longitudinally  on  western  white  and  sugar  pines.  Since  there 
is  generally  some  uncertainty  about  the  exact  margin  of  cankers  and 
the  distance  the  fungus  extends  beyond  the  yellowish  edge,  wider 
zones  should  be  allowed  when  this  can  be  done  without  seriously 
weakening  the  tree.  As  the  fungus  grows  faster  longitudinally  than 
laterally,  it  is  good  practice  to  increase  the  safety  zone  an  inch  or 
two  at  both  ends. 

The  area  of  bark  to  be  removed  is  carefidly  outlined,  and  then  cut 
with  a  sharp,  hook-pointed  knife,  care  being  taken  to  follow  the  out- 
line. The  bark  within  the  area  is  peeled  off  and  the  wound  scraped 
to  remove  all  remnants  of  the  inner  bark.  Then  the  bark  around 
the  edge  of  the  wound  is  trimmed  with  a  sharp  knife  and  all  bruised 
or  torn  places  smoothed.  All  wounds,  whether  on  the  main  stem  or 
on  large  limbs,  should  be  made  V-shaped  at  both  ends.  This  shaping 
assists  the  wound  in  healing  and  helps  to  prevent  the  bark  from  dying- 
back  at  these  points  (fig.  13). 

Treated  cankers  should  be  kept  under  observation  for  several  years 
to  make  sure  that  there  is  no  further  growth  of  the  fungus  in  the  bark. 
Removing  stem  cankers  is  seldom  advisable  if  the  bark  must  be  cut 
from  more  than  half  the  circumference  of  the  stem  at  any  point. 
Trees  may  survive  for  several  years  when  only  one-third  of  the  bark 
remains  at  the  point  of  treatment,  but  they  are  greatly  weakened,  and 
unless  very  valuable  it  is  better  to  replace  them.  If  a  stem  canker 
is  located  in  the  top  of  a  tree,  it  is  sometimes  practicable  to  cut  off 
the  affected  portion  of  the  crown  without  spoiling  the  appearance  of 
the  tree.  One  or  more  of  the  branches  in  the  whorl  below  the  cut 
will  soon  grow  upward  and  provide  a  new  top.  The  cut  should  be 
made  at  least  6  to  8  inches  below  the  lower  edge  of  the  canker  margin. 

^ATiether  to  treat  or  cut  down  ornamental  trees  with  infected  trunks 
will  depend  upon  their  size  and  value,  the  extent  to  which  the  stem 
has  been  girdled,  and  the  distance  of  the  canker  from  the  ground. 
Infected  trees  often  remain  green  and  useful  as  ornamentals  for  a  few 
years  even  when  removal  of  stem  cankers  is  impracticable.  The 
owner  may  prefer  to  keep  such  trees  until  they  become  unsightly  or 
die  from  the  rust.  Meanwhile,  other  trees  can  be  set  out  nearby  to 
maintain  esthetic  values  when  the  diseased  trees  are  removed. 

Tools 

Since  blister  rust  is  not  carried  from  tree  to  tree  on  tools  used  in 
treating  infected  pines,  as  are  some  fungus  diseases,  precautions 
against  reinfection  from  this  source  are  not  necessary.  Infected 
branches  on  small  trees  are  easily  and  quickly  removed  with  pruning 
shears.  On  large  trees  most  of  the  infections  near  the  ends  of  branches 
can  be  removed  with  pole  shears  or  long-handled  pruning  saws  and 
the  help  of  ladders  and  climbing  ropes.  A  wide-toothed  pruning  saw 
is  the  best  tool  for  removing  large  branches.     If  only  a  little  work  is 
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Figure  13. — Removal  of  a  trunk  canker.  A,  a,  Growing  edge  of  the  canker,-  h,  outline 
of  the  area  within  which  bark  must  be  removed,-  c,  white  pitch  streaks,-  d,  part  of  the 
bark  peeled  off,  showing  wood.     6,  Wound  made  by  removing  all  the  diseased   bark. 

necessary,  other  common  t^~[)es  of  crosscut  saws  will  serve  nearly  as 
well.  A  hawkbill  fliook-pointed)  knife  gives  good  results  in  cutting 
and  peeling  off  diseased  bark.  One  should  always  wear  soft-soled 
shoes  when  climbing  the  trees  to  avoid  injuring  the  bark. 

CARE  OF  WOUNDS 

It  is  not  necessary  to  treat  small  wounds  caused  by  cutting  off  in- 
fected branches.  However,  large  ones  resulting  from  the  removal  of 
limbs  and  stem  cankers  should  be  protected  from  attacks  by  fungi 
and  insects.  Many  authorities  recommend  treating  wounds  more 
than  2  inches  wide.  Tree  paints  especially  prepared  for  this  purpose 
are  readily  obtainable. 

The  removal  of  stem  cankers  results  in  a  flow  of  pitch,  which  seals 
the  exposed  wood  and  bark  cells.  This  flow  can  be  lessened  by 
scraping  the  surface  of  the  wound  and  painting  it  with  shellac.  After 
the  shellac  is  dr}'.  a  coat  of  thick  bark-colored  paint  should  be  ap- 
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plied.  This  treatment  will  make  the  cut  sm-faces  much  less  notice- 
able and  help  to  prevent  infection  by  wood-rotting  fungi.  It  is  good 
practice  to  repaint  wounds  when  the  first  coat  begins  to  deteriorate. 
A  wound  caused  by  the  removal  of  cankered  bark  heals  around  the 
edge  and  forms  a  callus.  If  the  wound  is  small  and  occurs  on  a  fast- 
growing  tree,  the  callus  gradually  closes  over  and  may  completely 
cover  the  injured  area.  On  large  wounds,  particularly  in  older  trees, 
some  of  the  wood  remains  exposed  (fig.  14). 


figure  14. — Stem  cankers  successfully  treated.  A,  Callus  has  formed  around  edge  of  the 
wound.  B,  Scar  nearly  covered  by  callus.  Courtesy  of  New  York  Conservation 
Commission. 

CANKER  REMOVAL  IN  FOREST  TREES 

Most  infected  forest  trees  are  not  valuable  enough  to  justify  the 
cost  of  canker  removal.  However,  it  is  sometimes  advisable  in  con- 
nection with  pruning  and  thinning.     When  a  stand  is  so  badly  in- 
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fected  as  to  call  for  the  removal  of  many  more  branches  or  trees  than 
is  requiiTd  in  ordinary  pruning  or  thimiing  operations,  it  may  be 
preferable  to  clear-cut  and  salvage  the  wood.  Of  course,  provision 
should  be  made  for  forest  regeneration  on  the  cutover  area  either  by 
planting  or  by  leaving  seed  trees. 

Prunins 

TMiere  at  least  one-fifth  of  the  trees  are  infected  in  plantations, 
stands  of  natural  reproduction,  and  farm  woodlots  containing  young 
pines  up  to  8  inches  in  diameter  breast  high,  the  owner  may  find  it 
desirable  to  combme  canker  removal  on  selected  crop  trees  ^\'ith  prun- 
ing to  increase  the  value  of  the  lumber.  Pines  ^dth  stem  cankers 
should  not  be  selected  as  crop  trees.  Only  vigorous  crop  trees  with 
branch  cankers  should  be  treated;  the  remaining  diseased  trees  may 
serve  as  ''nurse"  trees  or  ''trainers,"  or  they  may  be  salvaged  for  fuel 
or  other  uses. 

Pruning  removes  the  cankers  on  the  lower  branches  and  increases 
the  amount  of  knot-free  wood,  thereby  greatly  increasing  the  value  of 
trees  and  logs.^  Any  cankers  found  on  the  upper  branches  should  be 
removed  when  the  trees  are  pruned.  Branches  should  be  cut  flush 
with  the  trunk. 

Pruning  has  its  widest  application  in  pure,  even-aged  stands.  In 
mixed  stands  white  pines  may  be  pruned  to  save  infected  crop  trees 
and  to  increase  their  value.  Pruning  is  recommended  only  if  the  pines 
are  protected  from  further  infection  by  the  removal  of  ribes  in  their 
vicinity. 

Treated  crop  trees  should  be  reinspected  after  3  years  to  find  any 
branch  cankers  that  may  have  been  missed  and  which,  if  left,  would 
be  fatal. 

Foresters  and  o^iiers  of  white  pine  should  make  a  practice  of  trim- 
ming diseased  limbs  from  lightly  infected  trees  during  the  course  of 
incidental  travel  tlii'ough  young  stands.  Many  future  crop  trees  can 
be  saved  by  clipping  off  only  one  or  a  few  cankered  limbs. 

Pruning  of  eastern  white  pine  is  profitable  on  trees  less  than  5  inches 
in  diameter  when  it  can  be  done  at  the  rate  of  75  or  more  feet  of  trunk 
per  man-hour.  Pruning  should  be  delayed  until  the  crowns  of  the 
trees  are  well  enough  formed  to  indicate  those  likely  to  become  good 
crop  trees,  and  until  it  is  fairly  certain  that  the  butt  log  (the  first  17 
feet)  will  be  straight  (fig.  15).  From  150  crop  trees  per  acre  spaced  17 
by  17  feet  to  300  spaced  12  by  12  feet  should  be  chosen  for  treatment. 
"\'\liite  pines  averaging  about  7  inches  in  diameter  can  be  pruned  to  18 
feet  in  less  than  3  minutes  per  tree.  Including  walking  time  between 
trees  and  other  costs,  100  trees  can  be  pruned  for  about  9  dollars  if 
labor  is  paid  1  doUar  per  hour. 

The  best  time  to  prune  is  in  the  fall  or  winter.  Xot  more  than  one- 
third  of  the  live  branches  should  be  removed  at  one  time.  It  is  best 
to  prune  in  two  stages — first  to  8  feet,  and  to  17  or  18  feet  after  an 
interval  of  4  to  6  years  or  as  soon  as  the  rule  for  pruning  live  branches 
can  be  followed. 


2  Paul,  Benson  H.  Knots  in  Second-Growth  Pine  and  the  Desirability  of 
Pruning.  U.  S.  Dept.  Agr.  Misc.  Pub.  307,  36  pp.  1938.  Further  information 
on  pruning  pines  is  given  in  Farmers'  Bulletin  1892,  Pruning  Southern  Pines. 
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Figure  1  5. — A,  Pruning  eastern  white  pine  with  a  pole  saw,  B,  AFter  a  Few  years  the 
pruning  scars  heal  completely  and  further  diameter  growth  produces  clear  high-grade 
lumber. 

;  Western  white  and  sugar  pines  are  grown  to  greater  ages  and  larger 
sizes  than  other  white  pine  for  maximum  vahie.  Hence,  pruning  of 
branch  cankers  is  practical  in  trees  up  to  15  inches  in  diameter  at 
breast  height  (d.b.h.).  However,  these  trees  should  be  growing  at 
such  a  rate  that  there  will  be  less  than  15  rings  to  the  inch,  and  should 
be  of  such  an  age  that  after  pruning  they  can  be  held  at  least  40  years 
before  harvesting. 

Thinnins 

Stands  of  eastern  white  pine  should  be  thinned  so  as  to  maintain 
good  growth  on  the  pruned  crop  trees.  The  first  thinning  should  be 
made  w^hen  the  other  pines  begin  to  crowd  the  crop  trees.  In  some 
stands  this  is  best  done  in  conjunction  with  the  first  pruning.  Fur- 
ther thinnings  are  usually  needed  about  every  10  years. 

Older  stands,  ranging  from  9  to  15  inches  d.b.h.,  may  be  thinned 
to  obtain  maximum  growth  of  selected  crop  trees  and  to  remove 
marketable  material.  If  trees  fatally  infected  with  blister  rust  are 
few  and  scattered  through  the  stand,  they  may  be  removed  and 
utilized.  Where  they  occur  in  groups,  those  that  will  live  for  several 
years  may  be   left    lor  increased    diameter   growth  or  to  serve    as 
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trainers  for  crop  trees,  to  provide  protection  from  windthrow,  or  to 
prevent  openings  in  the  stand  favorable  for  ribes  regrowth. 

Local  demand  will  govern  the  extent  to  which  wood  obtained  from 
thinnings  can  be  marketed.  As  the  stand  approaches  maturity, 
however,  the  tliinnings  become  more  valuable.  In  the  early  thinnings; 
to  reduce  work  and  costs,  it  is  advisable  to  remove  only  those  trees 
that  interfere  Avith  the  crop  trees.  The  work  should  be  conducted 
so  as  to  obtain  a  final  crop  of  100  to  125  trees  per  acre  selected  from 
the  pruned  trees.  Thus,  some  of  the  pruned  trees  will  be  cut  in  the 
later  thinnings. 

Thinning  is  also  a  much  needed  and  desirable  practice  in  western 
white  and  sugar  pine  stands,  especially  in  stands  that  are  near  a 
market  for  small  logs.  Under  western  conditions,  thinnings  should 
remove  the  less  valuable  associated  species. 

Further  advice  on  pruning  and  thinning  may  be  obtained  from 
extension  or  State  foresters. 

REINSPECTION 

Valuable  trees  should  be  reinspected  the  first  and  fourth  years  after 
treatment,  and  every  thhd  year  thereafter  until  no  cankers  can  be 
found. 

Reinspection  has  two  purposes — to  detect  cankers  that  were  un- 
developed or  missed  in  previous  work  and  to  check  thoroughness  of 
work  done  on  trunk  and  branch  cankers.  On  the  first  inspection 
some  of  the  young  cankers  may  be  overlooked,  and  others  will  not  be 
developed  sufficiently  to  be  visible.  Overlooking  one  infection  on  or 
near  the  m.ain  stem  is  much  more  dangerous  to  the  life  of  the  tree  than 
missing  those  near  the  ends  of  branches.  The  scars  of  cankers 
previously  treated  also  should  be  examined  and,  if  necessary,  repainted. 
If  the  original  treatment  was  unsuccessful,  or  if  insects  have  bored 
into  the  callus,  the  affected  bark  should  be  removed  and  the  wound 
painted.  The  more  valuable  the  tree  the  more  important  is  rein- 
spection. 

PREVENTION  OF  NEW  PINE  INFECTIONS 

Before  any  work  is  undertaken  to  remove  blister  rust  cankers,  the 
trees  should  be  protected  from  further  infection  by  the  eradication 
of  ribes.  Otherwise  new  infections  will  occur  from  year  to  year. 
Occasional  infections  may  take  place  from  European  black  currants 
{Ribes  nigrum)  or  from  groups  of  ribes  as  much  as  a  mile  away. 
However,  wild  ribes  bushes  in  the  vicinity  of  the  trees  are  most 
likely  to  cause  infection,  and  inspection  for  such  bushes  should  be 
made  every  few  years.  Owners  should  consult  the  official  in  charge 
of  blister  rust  control  in  their  locality  or  the  State  forester  concerning 
application  of  control  measures  in  the  vicinity  of  their  white  pines. 
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